Objective. We reported on the distribution of very preterm (VPT) birth rates by race across metropolitan statistical areas (MSAs).
Birth prior to 32 weeks gestation, called very preterm (VPT) birth, occurs in 2% of all pregnancies ending in live birth. 1 One-third of all infant deaths are attributable to complications of prematurity, and 95% of those are from the small population of sub-32-week births. 2 In addition to increased mortality, VPT birth results in increased morbidity, such as respiratory disease, developmental delays, and cerebral palsy. [3] [4] [5] Variation in risk for VPT birth by maternal race is well described, although the sources of this disparity remain unresolved. African American women experience VPT birth at 2.5 times the rate of non-Hispanic white women, 1 and this disparity attenuates little with statistical control for education, income, medical comorbidities, or behaviors associated with risk. 6, 7 The persistence of this disparity in the face of control for (measured) confounders has led some to suggest the difference is largely genetic, 8 yet nativity studies comparing the experience of immigrant women of African ancestry to U.S.-born African American women suggest the toxic exposure may be more environmental than ancestral. 9, 10 Interest in the role of maternal residential environment-variably conceptualized from the local census tract up to the national level-has increased in recent years. 11 Place-based exposures that have been associated with pregnancy outcomes include neighborhood crime, 12 access to retail food outlets, 13 city-level segregation, 14 city-level air pollution, 15 state-level income inequality, 16 and national politics and welfare state status. 17 Most studies of social or environmental determinants of racial disparities compare mean risk among racial groups, providing interracial contrasts. Less is known about the role, if any, of intraracial variation in understanding determinants of VPT birth disparities.
This article describes the distribution of metropolitanlevel rates of VPT birth by race and ethnicity to characterize the inter-and intraracial variation across cities.
METHODS

Data
Birth files from the National Center for Health Statistics (NCHS) for 2002-2004 were combined. These files include an observation for every birth in the U.S. during the given time period. Births were restricted to singletons born to mothers who self-report race and ethnicity as non-Hispanic white, non-Hispanic black, or Hispanic. A further restriction was to mothers residing in one of the 311 metropolitan statistical areas (MSAs) with populations of 100,000 or more in the 2000 census. An MSA is a geographical unit defined by the U.S. Office of Management and Budget as a county or group of counties around a core city that are socially and economically integrated. 18 New England City and Town Area Divisions (NECTAs) are parallel units used in New England, and for this analysis were analyzed as MSAs.
Gestational 
Analysis
The unit of analysis was the MSA. Rates were first described graphically with race-stratified histograms of all eligible MSAs. Subsequent analyses were limited to the 168 MSAs with adequate numbers of both white and black births. Of these MSAs, 115 also had adequate numbers of Hispanic births. It is plausible that national distribution of births by race (there were 4.2 million births to white women in the 168 MSAs, but only 1.5 million births to black women) could result in differing observed variances that reflect sample size rather than true variation. Because we were interested in both the mean rate in each MSA and the variance in rates across MSAs, we assessed the effect of sample size on variance by taking a random sample of all white births in the 168 MSAs with sufficient black births, so as to simulate exactly equal numbers of black and white births. Because sample size did affect variance to a small degree, all stratified analyses were conducted on the equalized sample.
Descriptive statistics for each racial/ethnic group include the mean and standard deviation (SD) of the empiric distribution of city-level rates. Variances of black and Hispanic distributions were compared with the white distribution with F-statistics, with the respective number of MSAs as the numerator and denominator degrees of freedom.
Different distributions of women in cities by proportion native-born, and by maternal age, education, marital status, smoking status, or parity, could drive an observed difference among cities. To assess these possibilities, the analysis was repeated after further restriction to U.S.-born women, to primiparous women, and to nonsmokers. Additionally, we reported on distributions adjusted for age and stratified on maternal education and marital status.
Because broad-ranging regional variation and population composition of metropolitan areas could influence distributions of rates, analyses were repeated within each of four Census regions, and for three different sizes of MSAs. All MSAs with sufficient number of black births were categorized according to quintiles of the proportion of total MSA population that was black, as well as quintiles of the black population living below the poverty line, as reported in the 2000 U.S. Census. The MSA distribution within racial/ethnic groups was reported for the MSAs in the first and fifth quintile of each spectrum. Regional variation in other pregnancy outcomes has been partially explained by racial segregation 22 and income inequality. 23 Multiple dimensions of segregation have been described, including evenness/ unevenness (the degree to which a minority group is evenly distributed across sub-areas of the MSA) and exposure/isolation (the probability that a randomly drawn minority member shares a neighborhood with someone in his/her own group [isolation] or in a different group [exposure]). 24 For this analysis, we used two indices calculated by the Census Bureau, each assessing black-white segregation. Theil's Entropy Index (sometimes termed H) is a measure of unevenness, and xPx measures isolation. Each ranges from 0 to 1, with 0 being complete integration, and 1 being complete segregation. Income inequality was measured by the Census Bureau with the Gini coefficient, which ranges from 0 (where income is equally distributed across the population) to 1 (where all income is held by one person).
True length of gestation was likely causally associated with infant mortality and morbidity. However, measurement error in common proxies for true gestational length can influence rate estimates. For investigators interested in racial disparities, this may be more concerning, as there is evidence that the measurement error is differential with respect to race or ethnicity. [25] [26] [27] Birth weight, on the other hand, is much more reliably measured, although perhaps less causally plausible. 28 Controversy exists about the causal association of low birth weight (,2,500 grams) to infant mortality and morbidity, but the more extreme very low birth weight (VLBW) (,1,500 grams) infants overlap significantly with VPT infants (83% of singleton VLBW infants in this dataset were also VPT). Because quality of gestational age reporting might vary regionally, the analysis was repeated using birth weight ,1,500 grams as the outcome.
To explore metropolitan-level sources of variation for black women, multivariate linear regression models were fit, with the rate of VPT birth per 1,000 births as the outcome. Variables initially considered for the model were region, MSA size (in three categories), proportion of MSA population that was black, proportion of black population below poverty line, median household income (both overall and for black households), proportion of black adults .25 years of age with a college degree, and proportion without a high school degree, both segregation indices, and the Gini coefficient. Backward stepwise regression proceeded, and subsequent analysis for colinearity was conducted.
For every analysis, the calculation of whether an MSA-race-stratification group had at least 1,000 total births was repeated, thus insuring stable rates in each subanalysis. However, this did result in varying numbers of MSAs being eligible for each analysis.
All data analysis was conducted using SAS 9.2.
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RESULTS
The population distribution of 168 MSAs with sufficient numbers of black and white births is detailed by race, region, and metropolitan size in Table 1 . The Southeast region had the largest number of MSAs, with the remainder roughly evenly divided among the other three regions. Segregation by either index tended to be lower in the West, as did black poverty rates. Smaller MSAs also had slightly lower levels of segregation, while the largest MSAs had lower black poverty rates. The Figure displays the distribution of VPT birth rates by race across all eligible MSAs for each racial/ ethnic group. The x-axis is the rate of VPT birth per 1,000 live births, and the y-axis is the relative frequency of MSAs; in other words, it is the proportion of all MSAs at a given rate. For white women, the mean MSA rate of VPT birth was 12.3/1,000 (SD52.7); for black women, the mean rate was 34.8/1,000 (SD56.9); and for Hispanic women, the mean MSA rate was 15.7/1,000 (SD54.0). Restricting the analysis to the 168 MSAs, which had sufficient white and black births, changed these estimates very little, as seen in Table 2 . F-tests comparing the variance in white and black distributions of MSA rates were statistically significant (p,0.0001) for every stratum investigated. Similarly, the random selection of white births to equalize sample sizes only reduced the white SD by 7%, from 2.7 to 2.5, leaving Isolation segregation (xPx) is interpreted as the probability of two randomly chosen people from a given area (e.g., Census tract) being from the same group. It ranges from 0 (full integration) to 1 (complete segregation).
c Evenness segregation (Theil's H index) is interpreted as the degree to which a minority group is evenly distributed across sub-areas (e.g., Census tracts) in a metropolitan area. It ranges from 0 (full integration) to 1 (complete segregation). the ratio of the variance in the black distribution to the white distribution relatively unchanged. Within each racial group, the lowest mean rate was in Western cities (9.9, 26.2, and 13.6 per 1,000 live births for white, black, and Hispanic women, respectively), among married mothers (10.3, 29.4, and 12.7), and college-graduated mothers (7.9, 29.4, and 10.9). The respective high rates for each group varied, with white mothers seeing the highest mean rate among unmarried women (18.7) and women without a high school degree (19.0). Black women also had a high risk of VPT birth among unmarried mothers (37.7), as well as mothers residing in cities with the highest quintile of proportion black (39.2) and highest quintile of black women below the poverty line (37.5). For Hispanic women, high rates occurred among unmarried women (18.7), cities in the Northeast region (18.7), for nulliparous women (17.1) and women residing in cities with the highest quintile black population below poverty line (18.0). Cities with the highest unevenness segregation had lower VPT birth rates for white women (11.6 vs. 13.1 in the lowest quintile), while the opposite was true for black women (first quintile 5 33.9, fifth quintile 5 35.5). The effect of higher isolation segregation in black women was even stronger, with a range of 30.8 to 37.1 from the first to fifth quintiles.
Given equalization of the sample size, the SD of the distribution of city rates in each stratum could be For every analysis in this table, F-tests comparing the variance in the non-Hispanic black distribution with the variance in the non-Hispanic white distribution were statistically significant at p,0.0001. d A simple random sample of all white births in the 168 MSAs with sufficient black births was drawn to simulate the effect of an equalized sample size of white and black births. The full number of black and Hispanic births was used. e Evenness segregation (Theil's H index) is interpreted as the degree to which a minority group is evenly distributed across sub-areas (e.g., Census tracts) in a metropolitan area. It ranges from 0 (full integration) to 1 (complete segregation). f Isolation segregation (xPx) is interpreted as the probability of two randomly chosen people from a given area (e.g., Census tract) being from the same group. It ranges from 0 (full integration) to 1 (complete segregation). g The Gini Index is a measure of distribution of income across a population. It ranges from 0 (each person has an equal share income) to 1 (all income is received by one person, while others receive none).
MSA 5 metropolitan statistical area SD 5 standard deviation a rough indicator of the similarity or variation among cities. For all three groups, the greatest city-to-city variation was seen when restricting to unmarried mothers (SD53.4, 7.8, and 4.5 for white, black, and Hispanic women, respectively). Black women also had greater city-to-city variation in the group of cities with the lowest unevenness segregation (SD59.4) and the highest income inequality (SD58.9), while for white women, high variation was seen when restricting to mothers without a high school diploma (SD54.1). For all three groups, city-to-city variation was lowest when restricting to mothers with a college education, and in the cities with the largest populations. In addition to describing the within-race patterns of VPT birth rates, the means and SDs suggest varying interracial patterns. Black women consistently had two to three times the city-to-city variation for any given analysis as compared with white and Hispanic women. Although increasing education and marital status were protective for all groups, the magnitude of protection varied so that the black-white rate ratio among collegegraduated mothers was 3.7 as compared with a ratio of 1.9 among women without a high school degree. The mean rate for U.S.-born Hispanic mothers was greater than the overall rate, suggesting increased risk with subsequent generations (mean of 15.7 overall, 17.2 for U.S.-born mothers). Hispanic women without a high school degree had lower rates than similarly schooled white or black women (16.2 vs. 19.0), although this advantage waned with increasing education.
The overall pattern of a threefold black-white racial disparity in mean rates, as well as a threefold increased variance, persisted with the use of VLBW as an alternate outcome. There was moderate correlation within cities of white and black VPT birth rates (r 2 5 0.21, p,0.01) and of white and Hispanic rates (r 2 5 0.20, p,0.01). Related is the observation that MSA-specific black/ white rate ratios varied across MSAs with a median ratio of 2.8, and a range from 1.5 to 5.8.
Metropolitan area size and region of the country explained 26% of the black inter-city variance in VPT birth rates (Table 3 ). The black poverty rate and black median household income did not provide any better model fit than overall median household income alone, The median household income was scaled so that the beta is the change in very preterm birth rate for a $10,000 change in median household income.
d The proportion of black women with a college degree was centered around its mean (13.6%) and scaled to integers. The beta was interpreted as a change in very preterm birth rate for a 1% change from mean black college percent. The isolation index (xPx) was standardized so that the beta could be interpreted as the change in the very preterm birth rate for one standard deviation change in isolation. The evenness index (Theil's H) was standardized so that the beta could be interpreted as the change in the very preterm birth rate for one standard deviation change in isolation. and so were dropped. The Gini coefficient was not significant in base models including region and metropolitan size, although both segregation indices were independently predictive in all models tested. A one SD increase in isolation segregation was associated with an increase in the black VPT birth rate of 2.7/1,000, while a one SD increase in unevenness reduced VPT rates to 2/1,000.
DISCUSSION
Three observations are apparent from the Figure. First, the mean MSA rate for black women is nearly three times that of white women. This is the ecologic corollary of the individual racial disparity in VPT birth. Nonetheless, it is quite striking, particularly in light of the second observation, which is that there is almost no overlap in the white and black distribution. The rate of VPT birth in the very best city for black women was virtually identical to the rate in the very worst city for white women. The final observation is that the variation or spread of the empiric distribution of rates among MSAs was significantly greater for black women than for white women, with the SD for black women approximately 2.5 times greater than for white women (p,0.0001). This increased spread remains after accounting for sample sizes, differences in distribution of key predictors of VPT birth, and measurement error of the outcome. The first two observations suggest that regardless of where black women live, they experience excess risk of VPT birth, implying an exposure that is ubiquitous or constant across space. The third observation suggests that in addition to this excess risk experienced in all cities, there is increased sensitivity to city of residence for black women as compared with white women. While regional differences in mean risk for various pregnancy outcomes have been reported, [30] [31] [32] to our knowledge no study to date has described the extent of regional variation in VPT birth, nor reported racial differences in both means and variance.
Explanations for the persistent excess rates of poor pregnancy outcomes among black women have been stubbornly hard to find. The increasing magnitude of the racial disparity among seemingly lower-risk, collegegraduated, married black and white women has been previously reported 7, 33 and suggests either residual confounding by socioeconomic status or a negative exposure that counterbalances the protective effects of increasing socioeconomic status among black women. Candidate exposures for persistent elevated risk despite statistical control for (measured) socioeconomic status include exposure to interpersonal racism, 34, 35 "weathering" of biologic systems as a result of lifelong exposure to stress, 36 or genetic predisposition to preterm birth. 37 Any of these factors, or an epigenetic combination of them, 38 could potentially represent the ubiquitous exposure accounting for elevated VPT birth rates for black women across cities.
The increased city-to-city variance for black women as compared with either white or Hispanic women suggests metropolitan-level exposures that are uniquely relevant for black women. While differences in population composition could still explain some of this variation, the persistent pattern after stratifying on the strongest risk factors for VPT birth, including marital status, maternal education, parity, and age, suggest that structural or contextual factors rather than purely compositional factors are the source of observed variance. State-level income inequality has been found to associate with infant mortality-an outcome strongly correlated with VPT birth-in several recent studies. 23, 39 Increasing income inequality could associate with infant mortality through poverty concentration, lower social capital, and level of investment in social and welfare systems. We found increased VPT birth rates for black women in cities with the highest compared with the lowest inequality, but the reverse was true for white and Hispanic women, although the remaining inter-city variance in all cases was larger than the change in the mean. Income inequality was not independently predictive in multivariate models. It is not clear whether income inequality at the state level has the same meaning as inequality at the MSA level.
Residential segregation has also been associated with increased black but not white infant mortality and VPT birth. 40, 41 Segregation is a process of sorting individuals into residential environments on the basis of race or income, and has been termed a fundamental cause of racial health disparities. 42, 43 These neighborhoods influence school quality, educational attainment, economic opportunity, and exposure to crime, high crowding, and quality of housing. 42 The evenness dimension of segregation (measured here with Theil's H index) describes how evenly a minority group is distributed across sub-areas of a city. The exposure (or isolation) dimension describes the potential for interaction between individuals of the same or different groups. Although evenness is frequently used in research (the dissimilarity index is another measure of the same dimension), it may be less theoretically compelling for health outcomes than the exposure dimension. 44 We found that cities with higher isolation had higher black VPT birth rates, but cities with higher unevenness had lower black and white VPT birth rates. For both white and black people, there was less city-to-city variation in rates among MSAs with highest segregation in either evenness or isolation.
Findings of paradoxically low rates of pregnancy outcomes among Hispanic women have been consistently noted. 45, 46 We found that U.S.-born Hispanic mothers had higher rates of VPT birth than immigrant Hispanic women, although Hispanic people overall have an inter-city distribution that is closer to white women than black women. If immigrants are more likely to be without a high school degree, this healthy immigrant effect may explain the Hispanic advantage over white women without a high school degree. However, as seen with black women, the protective effect of education is weaker for Hispanic women than it is for white women.
Neither the persistence of disparity in mean risk nor the heterogeneity of variation after the adjustments reported in this article should be seen as immutable. Rather, they are as yet unexplained clues that open opportunities for improved understanding of and intervention on excess VPT birth. Notably, this analysis suggests an interaction between race and factors associated with MSAs. The moderate amount of correlation of MSA rates among races suggests that what is a "bad" city for one group is not necessarily bad for all, and some factor or group of factors cause great variation in risk for black women while having almost no effect (in the aggregate at least) on white women.
Limitations
The cross-sectional use of vital statistics data to understand the social or environmental experience of mothers is limited in many regards. Residence is recorded only for the point at time of delivery, but does not necessarily represent the residential environment either preconceptionally or perinatally. Additionally, place of residence is only reported by NCHS when the place has a population in excess of 100,000, thus limiting inference regarding smaller metropolitan, micropolitan, or rural areas. However our requirement that there be at least 1,000 births to a given group in an area would likely have excluded all such smaller areas had they been available. Vital statistics data are also limited by measurement error not only of gestational age, but also of maternal residence and maternal characteristics.
CONCLUSIONS
This analysis demonstrates that rates of VPT birth vary not only among races, but also by city of residence for black women as compared with white women. Explanations for racial disparities in VPT birth may include determinants that are ubiquitous across cities and that vary by city. The apparent enhanced sensitivity to location of maternal residence among black women suggests a possible interaction between race and characteristics of MSAs, such as degree of segregation.
This observation raises opportunities and challenges for further research focused on understanding and eventually eliminating racial disparities in preterm birth. One implication is that future analyses comparing rates across MSAs must be wary of statistical assumptions in their model for homogeneity of variance. Identification of factors that explain the wide variation in black MSA rates could illuminate determinants for excess VPT birth, as well as opportunities for intervention. Disparities should not be conceived of as simply a shift in the mean of a distribution, but possibly also involving interaction with environmental characteristics, resulting in a change in variation around the mean.
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